The use of 5G technology provides a guarantee for the widespread use of the Internet of Things (IoT), and the scale of the IoT system continues to expand. The intelligent devices in the IoT environment also grow exponentially. The communication and control security between application devices is an important issue. In order to realize the control of the edge terminal intelligent device in the IoT environment, we studied the controllability of the terminal device to the edge terminal smart device and transformed the control problem into a mathematical problem. Treat the operation of different smart devices as constraints. The p-Laplacian problem was proposed to solve the terminal-to-edge device controllability in the IoT environment. In the process of controlling the controllability of edge terminal intelligent devices, we propose a new method for a priori estimation of the continuous theorem of Ge and Ren. Finally, we give an example of this method.
I. INTRODUCTION
With the development of the Internet of Things (IoT) [1] , [2] , the use of 5G wireless technology is further driving the rise of IoT applications, such as smart home, smart city [3] , [4] , more and more devices are equipped with information sensors to become smart devices. They connect through the IoT to enable fast interconnection, communication and control between devices. Moreover, in-depth research on network security [5] - [8] has increased the security factors of communication between devices, further protection for IoT applications, making IoT devices more and more common and bringing more and more data. These hugely structured or unstructured data sets are difficult to calculate and process [9] through traditional management systems. Therefore, use the cloud computing method [13] to calculate the The associate editor coordinating the review of this manuscript and approving it for publication was Ilsun You . computing power of the cloud cluster server and feed back the calculation results to the requester [12] . As data is transmitted to the cloud, it takes a lot of time, bandwidth and other resources and data communication security issues. In order to overcome this problem, edge computing [14] is proposed to improve the communication efficiency between devices by using 5G wireless technology, running in distributed mode and edge computing is closer to objects or data sources. At this point, the cloud only needs to provide unified scheduling and resource allocation, calculate the optimal control range, and send it to the edge system for secure communication and control [10] . Edge computing enables real-time data collection, real-time decision making and feedback. As shown in Figure 1 .
With the introduction of the IoT, more and more items are being intelligentized. These edge-based smart devices have different information sensors that require different signals for communication and control. Safe and effective communication and control of a large number of smart devices is a challenging task. In order to solve the problem of edge smart device control in the IoT, mathematical methods are used to achieve precise control [15] , [16] . The following is an example of a smart home in a typical IoT environment [18] . Using the Tmall Wizard to control the smart air conditioner in the home, Tmall Wizard sends a thermostat control command to the sensor of the smart air conditioner. After receiving the control command, the intelligent air conditioner analyzes it. The command is a signal that can be processed, starts temperature adjustment, returns to the adjustment state, and detects information transmitted and received by the information sensor in real time after multiple fuzzy control until an approximate optimal state is reached. In this paper we focus on the controllability of edge devices. By building a controllability model for the edge device, if the model has a solution, it indicates that the device is controllable. Specifically, on the one hand, Get smart devices in the Internet of Things and then use MPC(Model Predictive Control) in cloud control to calculate the optimal control amount [11] , [17] , send it to the edge smart device for optimal control, and convert MPC into a constraint problem, on the other hand, the Laplace problem it plays an important role in proving the existence of solutions to ordinary differential equations, especially boundary solutions. The boundary value problem is modeled by p-Laplace, and different intelligence passes the device's mode of operation as a parameter to the function condition as a constraint, as shown in picture 2. By analyzing several types of results, even if the resonance, the frequency of the solution corresponds to the frequency, we find a better way to prove the a priori of the continuous theorem of Ge and Re.
In this paper, we study the impulsive nonlinear functional boundary value problem of the IoT environment.
is a device controllable model, t is the variable range, u(t) is the solution of the device under control, uy(t) and u (t) are their first and second derivative functions, respectively. I i (u(t i ), u (t i ) is the system output state of the device, which can be device model output or sensor data. I i (u(t i ), u (t i ), u (t i )) is the first derivative of the system output state function of the cloud device being controlled, for the phenomenon that there is a pulse on the smoothness. u (0) = 0, B 1 (u) = B 2 (u) = 0 are the boundary condition, the first one is the condition that must be met, the other two conditions contain all the linear conditions, and are more versatile.
Kosmatov and Jiang [26] considered a functional secondorder boundary value problem at resonance and Jiang [24] , [25] studied some p-Laplacian boundary value problems at resonance. In [21] , the authors studied the nonlinear problem
with the impulsive conditions u(t j +) − u(t j ) = I (u(t j )), j = 1, . . . , p.
By imposing Landesman-Lazer conditions and applying Schaeffer's fixed point theorem, the authors provided sufficient and, in some cases, necessary conditions of solvability of the problem in question. VOLUME 7, 2019 Tian [29] considered the second order differential equation
satisfying the periodic boundary conditions
and the impulsive conditions
In [29] , the author converted the problem at resonance to a non-resonant problem by transforming the differential equation to the following form:
Subsequently, Schaeffer's fixed point theorem and a contraction principle were used in order to obtain some existence and uniqueness results. It should be mentioned that in addition to the periodic conditions, the differential equation subject to the Neumann conditions was also investigated.
In [19] , a fractional impulsive boundary value problem at resonance was analyzed by means of the coincidence theorem of Mawhin [27] . Specifically, the author was concerned with
A fractional impulsive boundary value problem with the Caputo fractional derivative was studied in [20] using the continuation theorem of Mawhin. We also mention [23] in which an impulsive fractional problem was explored via a variational technique. Evidently, a wide range of methods of nonlinear analysis have been applied to impulsive boundary value problems at resonance of both integer and fractional orders.
In the present paper, we would like to extend the results of the aforementioned works to the case of (1.1). Our contribution points are as follows:
1. We represent the control of edge smart devices in the IoT environment mathematically as the existence of solutions for resonant p-Laplacian problems with impulsive and functional conditions. 2. We provide a new method of obtaining á priori estimates necessary to apply the continuation theorem of Ge and Ren. 3. By using the method proposed in the paper, we demonstrate that edge devices in an IoT environment that meet the above conditions are controllable. The main method of the present paper is presented in the next section. In Section 3, we state and prove the existence results which are illustrated by examples in Section 4.
II. PRELIMINARIES
Definition 1 [22] : Let X and Y be Banach spaces with the respective norms · X and · Y . A continuous operator
where dom M denotes the domain of the operator M . Let X 1 = Ker M and X 2 be the complement space of X 1 in X , then X = X 1 ⊕ X 2 . Let P : X → X 1 be projector and ⊂ X an open and bounded set with the origin θ ∈ . Definition 2 [22] :
Theorem 3 [22] : Let X and Y be Banach spaces with the respective norms · X and · Y and ⊂ X an open and bounded nonempty set. Suppose that
In addition, if the following conditions hold:
(
In the proof of our main results, we need the following inequalities [28] .
Lemma 4: For any u, v ≥ 0, then
In the following, we will always suppose that q satisfies
In our paper, we denote a vector by both (a 1 , · · · , a n ) T and (a 1 , · · · , a n ) and we always suppose that the following conditions hold:
n ), then either
1 , · · · , d (2) n ), or
Remark 5: Condition (C 2 ) means that there exists a unique c ∈ R such that (2.1) holds. 
where (y, c 1 , · · · , c n , d 1 , · · · , d n ) and c satisfies (2.1). By the same method as used in Lemma 3.1 in [25] , it follows that F satisfies F(z 1 ) − F(z 2 ) ≤ z 1 − z 2 , z 1 , z 2 ∈ Z , So, F is continuous and bounded in Z .
III. MAIN RESULTS

Lemma 7:
The operator M is quasi-linear.
Proof: It is clear that KerM = {c(at − b) | c ∈ R}. Now, we prove that
Considering B 1 (u) = B 2 (u) = 0 and (C 1 ), we have
Hence, F(y, c 1 , · · · , c n , d 1 , · · · , d n ) = 0.
On the other hand, if (y, c 1 , · · · , c n , d 1 , · · · , d n ) ∈ Z satisfies (3.1), we let
It is obvious that
Thus, (Mu) T = (y, c 1 , · · · , c n , d 1 , · · · , d n ). The condition (C 1 ) implies that Im M is closed.
Lemma 8: Let ⊂ X be an open and bounded subset.
Proof: Condition (C 3 ) means that N λ is a continuous and bounded operator.
where c = F(y, c 1 , · · · , c n , d 1 , · · · , d n ). By Remark 2.2, Q : Z → Z 1 is continuous and bounded. Clearly, the operator P is a projector and Q(I − Q) = (0, · · · , 0).
Define R :
where c λu = F(λf (t, u(t), u (t), u (t)), λ q−1 I 1 (u(t), u (t), u (t)), · · · , λ q−1 I n (u(t), u (t), u (t)), λI 1 (u(t), u (t), u (t)), · · · , λI n (u(t), u (t), u (t))), and X 1 ⊕ X 2 = X . It follows from (C 1 ), (C 3 ) and 
that is, the condition (c) of Definition 2.2 holds. We conclude that
The proof is completed.
In what follows we use the notation y 1 = 1 0 |y(t)| dt. Lemma 9: Let a = 0. Then the set 1 is bounded provided the following conditions hold:
(C 4 ) There exists a constant K > 0 such that one of the following holds:
λ ∈ (0, 1), where F is the same as in Remark 2.2. (C 5 ) There exist nonnegative functions g, g i ∈ C[0, 1], i = 1, 2, 3, such that
where
. 
Remark: The novelty of estimates above is that the condition (C 4 ) only requires that there exists a constant K > 0 such that u (t) · F(N λ u) > 0, |u (t)| > K . In comparison, one usually imposes a condition in terms of a the highestorder derivative u (t) > K either on [0, 1] or on a suitable subinterval of [0, 1] depending on the boundary condition involving u . Similarly the condition (C 4 ), only relies on the inequality u(t) · F(N λ u) > 0, |u(t)| > K . By (3.2) and (3.3), one can obtain
By
It follows from (C 7 ), (3.3) and (3.4) that 1 is bounded. Lemma 10: If a = 0, b = 0, assume (C 5 ), (C 6 ) and the following conditions hold: (C 4 ) There exists a constant L > 0 such that one of the following holds:
.
Then the set 1 is bounded.
Proof: Take u ∈ 1 , then F(Nu) = 0. By (C 4 ), there exists a t 0 ∈ [0, 1] such that |u(t 0 )| ≤ L. Since u(t) = t 0 u (s)ds + u(t 0 ), we have
(3.5)
By u(t) = t 0 (t − s)u (s)ds + λ q−1 t k <t I k (t − t k ) + u (0)t + u(0), B 1 (u) = 0, and B 1 (1) = a = 0, we get
This, together with (3.5) and
Thus,
By Mu = N λ u, (3.5) and (3.6), we have
It follows from (C 7 ), (3.5) and (3.6) that 1 is bounded. Lemma 11:
}.
(1) If a = 0 and (C 4 ) holds, then 2 is bounded.
(2) If a = 0, b = 0 and (C 4 ) holds, then 2 is bounded. Proof: If u ∈ 2 , then u(t) = c(at − b) and
(1) By (C 4 ), we get |ca| ≤ K . Thus |c| ≤ K |a| . This implies 2 is bounded.
(2) By (C 4 ), we get |cb| ≤ L. Thus |c| ≤ L |b| . This implies 2 is bounded. Theorem 12: Assume a = 0 and (C 1 )-(C 7 ) hold or a = 0, b = 0 and (C 1 )-(C 3 ), (C 4 ), (C 5 ), (C 6 ), (C 7 ) hold. Then (1.1) has at least one solution.
Proof:
By Lemmas 3.3, 3.4 and 3.5, we know that Mu = N λ u, u ∈ dom M ∩∂ and QNu = (0, 0, · · · , 0), u ∈ Ker M ∩∂ .
Step 1: When a = 0, take 
(3.7)
Multiplying (3.7) by u (t) = ac 1 , we get λρc 2 1 a = −(1 − λ)F(Nu) · u (t).
Since u = max{ c 1 (at − b) ∞ , |c 1 a|} = R 0 , we get |u (t)| = |c 1 a| > K . It follows from (C 4 ) that
which is a contradiction.
Step 2: If a = 0, b = 0,, let By Theorem 2.1, we can obtain that (1.1) has at least one solution in .
IV. EXAMPLE
Consider
Here, the controllability model constructed by the output state of the intelligent device system and its first derivative function and given boundary conditions. B 1 (u) = u(0) + u (1), B 2 (u) = u(0) + 2u (1) and p = 4 3 as boundary constraints, the output state of the device u ( 1 2 ) and the first derivative function ϕ p (u ( 1 2 )) are used as pulse constraints. It is easy to check that q = 4, a = B 1 (1) = 1, B 2 (1) = 1, b = B 1 (t) = 0, B 2 (t) = 0, k = 1, α 1 = β 1 = γ 1 = 63 257 , α 1 = β 1 = γ 1 = 1 104 . A direct computation shows that B 1 = 2, l 1 = 3, l 2 = 64, g 1 1 = g 2 1 = g 3 1 = 1 104 . As a result,
Since (B 2 − kB 1 )u = u (1), then
It is a tedious but straightforward exercise to show that if |u (t)| > K = 28, then u (t)F(Nu) > 0, t ∈ [0, 1]. The conditions of Theorem 3.6 are satisfied. Thus, the problem (4.1) has at least one solution, and the device is controllable under the above conditions.
V. CONCLUSION
The use of 5G technology to accelerate the application of IoT has also brought about a new round of communication security issues. The secure communication and control between devices also provides security for the application of the IoT.
In this paper, we study the control issues of terminals and a large number of edge terminal smart devices in the IoT environment. To solve this problem, we have transformed the controllability of edge devices in the IoT into solutions with the solution of the resonant p-Laplacian problem with impulsive and functional conditions. In the course of the research, we proposed a method that can easily prove the a priori estimates of the continuous theorem of Ge and Ren. By solving mathematical problems, it is proved that under certain conditions, edge intelligent devices in the IoT environment can be controlled. WEIHUA JIANG received the Ph.D. degree in basic mathematics from Hebei Normal University. Her current research interests include functional analysis, ordinary differential equations, and fractional differential equations.
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